INTRODUCTION
Homeostatic intracellular ionic conditions are controlled largely by transmembrane transport proteins. K + and Na ÷ which are respectively
Correspondence to: J. Reizer, Department of Biology, University of California, San Diego, La Jolla, CA 92093-0f 16, USA. accumulated and expelled from cells are transported by a variety of mechanistically distinct transport systems including ATP-driven porters, chemio-osmotic driven porters, and those driven by the chemical gradients of protons. Recently, two putative porters of the latter class were sequenced, a glutathione-regulated K + efflux system (KefC) of Escherichia coli [1, 2] , and a putative Na +/H + antiporter (NapA) of Enterococcus hirae [31. Both systems were reported to be unique, exhibiting no homology with other sequenced porters. In this note, we report our observation that these two proteins are sufficiently similar in sequence to establish a common evolutionary origin.
3, RESULTS AND DISCUSSION
The sequence alignment of the KefC and NapA proteins is shown in Fig. I . The two sequences are 27% identical in an overlapping stretch of 373 residues with five gaps of one or two residues. putative transmembrane helical segments. The length of the E. coil K + efflux protein is 620 residues while that of the E. hirae Na+/H + antiporter of is 383 residues. Munro et al. [2] noted that part of the hydrophobic domain of the KefC protein exhibited limited sequence similarity to the cation-translocating ATPase of Leishmania donowni [5] as well as the A subunit of the Kdp K+-translocating ATPase of E. coil [6] . We found that these two proteins gave optimised comparison scores of 2 and 1 standard deviations with the KefC protein, respectively. Consequently, homology cannot be established on the basis of the observed sequence similarity. It can be seen (Fig. 2) that KefC and NaoA differ with respect to a large hydrophilic domain at the C-terminus of the E. coil KefC protein which is lacking in the E. hirae NapA protein. This hydrophilic domain presumably mediates glutathione regulation which has not been observed for the E. hirae antiporter. As reported by Munro et al. [2] , this hydrophilic domain exhibits limited sequence similarity with a putative glutathione binding site of two bacterial enzymes that utilize glutathione, glyoxalase and dehaloge-163 nase. Optimized binary comparison scores for these proteins with KefC gave values as follows:
glyoxalase of Pseudomonas putida [7] , 1 standard deviation; and dehalogenase of Methylobacterium sp.
[8] 0.2 standard deviations. Although homology of KefC with glyoxalase and dehalogenase cannot be established, the results do not refute the possibility that the regions of sequence similarity have a common function.
In summary, our findings establish that two bacterial monovalent ion porters, one specific for K +, the other for Na +, are similar in sequence throughout their hydrophobic domains. We propose that these two proteins, which comprise a novel family of transporters unrelated to the previously characterized Na+/H + exchangers of E.
coil (NhaA and NhaB; [9, 10] ) function by essentially the same mechanism. Further studies will be required to establish the mechanistic details.
